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Introduction. The use of pile foundations for supporting build-

ings and other engineering structures in regions of permafrost is gaining

recognition among construction agencies, The pile type foundation is

particula

grained,

rly adaptable to areas where the permafrost consists of fine

frost susceptible goils having a high ice content, Foundation

designs which require subsoil excavation for placement of a gravel base

and construction of footings and slabs are generally not suitable for this

particula

r soil condition because site disturbance has a detrimental effect

on the thermal balance in the underlying permafrost. A condition of de-

grading permafrost iu fine grained soil containing ice will normally

cause substantial foundation settlement which could result eventually in

complete

failure of a structure. A refrigerated type of foundation is one

scheme for supporiting structurzs on irozen fine grained soils, bLut the

construction of foundation cooling and freezing systems is costly, The

use of piles offers a practical and economical method of foundation con-

struction.

The installation of foundation piles can be accomplished
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without undue disturbance tc the site, thus preserving the existing thermal
regime in the frozen subsoil, and preventing the detrimental effects as-

gociated with degrading permafrost,

2. Background, There was no known widespread use of pile founda-

tions in Arctic and Subarcti: Alaska prior to 1950, Early application of
the pile type foundation in: Alagskan permafrost areas was limited primar-
ily to bridge foundatinns constructed by the Alaska Railroad and the
Alaska Road Commission. A few buildings at outlying communities
were supported on piles. This limited use of pile foundations may be at-
ributed, in part, to the general lack of engineering knowledge regarding
pile load carrying capacity, pile stability, and pile installation methods
as related to permafrost,

' In the summer of 1952, a study of foundation piles instslled
in permafrost was initiated at the Fairbanks Permafrcst Research Area,
Fairbanks, Alaska, a8 part of a continuing program of research directed
toward the developement of design criteria for construction on frozen
ground. The Fairbanks Permafroust Research Area is under the direction
of the Arctic Construction and Frost Effects J.aberatory, U, S, Army En-
gineer Division, New England, Boston, Massachusetts, The purpose of the
pile study was to determine the feasihility of various pile installation meth-
ods, ascertain factors affecting pile stability, and to develop criteria re-
lated to load carrying capacity of piles embedded in permafrost, The in-

stallation, observation, and testing of piles was started in 1952 and is con-

e

tinuing at the present time. This paper is a summary of experiences at the
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Fairbanks Permafrost Research Area in connection with methods for in-
stalling piles in permafrost. /

3. Site Conditions. The Fairbanks Permafrost Research Area is

located approximately 2-1/2 miles northeast of Fairbanks, Alaska, Tke
mear. annual temperature at Fairbanks is about 26°T with extremes of
minus 55°F to plus 99°F, The natural soil underlying the Research Area
is principaliy silt to a depth of approximately 50 ft with a varji:ble con-
tent of organic material and occasional layers of peat, Ths gradation
range of the silt subgrade is shown on Photo No.l. Ice 'cnses are pres-
ent throughout the silt. The annual frost zone varies {rom 2 to 6-ft under
natural surface cover conditions and the thickness of the permafrost layer
is in the range of 150 to 180-ft. The permafrosi temperatures vary from
about 28°F to 32°F urder natural surface cover conditions.

4. Installation of Piles. A total of 230 test piles have been in-

stalled to date at the Research Area. These piles consisted of several
types, namely; timber, precast concrete, steel pipe, I-beams, wide
flange sections, and bearing pile sections, with depths of installations
ranging from 4 to 16-ft in permafrost. Under the initial pile test pro-
gram in the summer of 1952, a totai of 64 test piles was installed at

the Research Area, Betwesn 1953 and 1957, a total of 73 additional
test piles was installed either as additions to the original test pile site
or as tfoundation piles {or Research Area test structurss and utilities, A

new test site consis’ing of 93 test piles was constructed in April of 1957.
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8, Imstallation Methods. Five different methods have been em-

ployed for installing test piles at the Research Are:

Steam Thawing 16 Piles
Driving 27 Piles
Water Drilling w/Rotary Drill 33 Piles
Churn Drilling and Driving 43 Piles
Power Auger : 111 Piles

Total 230 Piles

a, Steam Thaw Method, The steam ihawing procedure con-

sisted of advancing a steam point or jet through the frozen soil to the
desired pile depth and then continuing the flow of steam until a hole of
the desired diameter had been thawed around the steam jet. Steam was
supplied from a Cleaver-Brooks. oil fired, 3-car heater, Model D-S,
(See Photo No. 2), The stearn jet was a 21-ft length of 3/4-in, pipe (See
Pboto No. 3), During steam thaw operations, the steam pressure at the
boiler was 80 psi and the steam temperature at the boiler was 265°F
with an average jet steam temperature of 220°F. The pile was inztalled
in the thawed hole immediately following the steaming operation, Photo
No. 4 shows a cornpleted pile instailation, All steam thawed piles were
embedded approximately 16-ft into permafrost,

b. Driving Method, Driven piles consaisted of §-in, dia-
meter, open-end, standard weight steel pipe driven to embedments rang-

ing from 4 to 16-ft in permafrost, Pile driving was accomplished with
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pile driviag equipment. Nine piles were driven using 2 drop hammer

arrangement and 18 piles, using a conventional double acting pile ham-

mer,

(1) Drop Hammer Driving. The drop hammer driv-

ing arrangement is shown in Photo No. 5. The equipment consisted of
conventional leads mounted on a crane, All handling of the pile and
raising of the pile hammer in the leads was performed by crane, Photo
No, 6 is a close-up view of the drop hammer which weighs 1350 1bs,
No protective cap was used on the pipe niles during the driving opera-
tion, resulting in some damage to the pile tops, Photo No, 7 shows a .
damaged 8-in, pipe pile after driving to a depth of 8-ft into perma-

frost,

(2) Double Acting Pile Hammer Driving. Photo

No, 8 shows pile driving operations using a McKiernan-Terry No. 7,
double acting pile hammer powered by compressed air. The com-
pressed air was furnished by a Chicago pneumatic air compr‘essor,
rated at 500 <fm. The pile hammer was handled with a Hyster Crane,
A steel cylinder; 2-ft in lengih and 12-in, in diameter, was tack
welded in the hamimer guides at the base of the hammer. This steel
cylinder fitted over the top of the pile aud se:rved to support the ham-
mer in a vertical poeition in the driving operations. A removable
protective cap was used on each pils to prevent damaging the pile

t:p. (See Photo No, 9). Photo No, 10 shows a test pile driven 16-ft

into permafrost with no visible damage to tne pile lop.

5
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c. Water Drilling Method. A field designed wash-cutting

barrel, adapted to a Longyear Rotary core drill, was used to drill test
pile holes ranging in permafrost depth from 6 to 16-ft. The wash-
cutting barrel, shown in Ptoto No. 11, is a 12-in. in diameter, steel
cylinder with a wall thickness of 1/2 in. and a 3-ft length, The bottom
edge of the barrel is serrated to provide a cutting edge, and the top ot
the barrel is fitted with an adapter to attach N-type drill rod used with
the Longyear core drill, Photo No. 12 shcws the cutting barirel adapted
.to the Longyear rotary core driil, Water is circulated to the cutting
barrel through the drill rod which facilitates cutting the frozen soil and
removal of cuttings as the barrel is advanced. The initial barrel de-
sign was inadequate for advancing the hole because a core of frozen
scil was left intact within the barrel. The frozen core could not be
lifted with the barrel nor readily destroyed by water circulation. The
barrel was subsequently modified to provide a means of destroying
the frozen soil core in the barrel {(See Photo No. 13) by providirg
cutting edges of fins within the barrel near the bottom edge., The in-
terior cutters, shown in Photo No. 13, sufficiently destrow}ed the soil
core to permit removal of the material by water circulation, All pile
holes drilied by the wash-cutting barrel method were '"bailed" of ex-
cess water prior to pile installation,

d., Churn Drillingj.nd Driving Method, Piles instalied

by churn drilling and driving consisted of 4-in, diameter, open-end
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standard steel pipe with embedment in permafrost ranging from 10
to 16-ft. Photo No. 14 shows the Cyclone Churn Drill, No, 40, used
at the Research Area. The pile installation procedure consisted of
churn drilling a pilot hole of slightly smaller diameter than the pile
using a conventional churn drill chopping bit. (See Photio No. 15), The
pipe piles were then driven through the pilot holes by means of drive
blocks attached to the churn drill tools, The driving operation is
shown in Photo Nu, 16, The pilot holes were drilled to within 3-ft of
the desired pile depth and then firmly seated by driving to the final
depth without benefit of the pilot hole. Photo No, 17 shows a group of
toundation piles installed at the Research Area using this method,

e. Dry Augering Method, The dry augering method con-

sits of utilizing a conventional power auger for boring pile holes into
permafrost, A typical power auger is shown in Photo No, 18, Test
pile holes ranging in depth from 6 to 21-ft in permafrost were bored
with the power auger, Hole diameters ranged from 10 to 18 in,
Photo No, 19 shows a typical auger bit fitted with special removable
carbide cutters to permit sharpening and hardness treatment, Photo

No. 20 shows augering operations with a 14-in, diameter bit, Frozen

_soil cuttings are removed from the hole on the auger bit in a single

upward movement of the auger stem or '"Kelly bar''., Upon removai
from the hole, the speed of rotation of the auger bit is increased sud-
denly to remove the soil cuttings, Cleaning of the auger bit is facili-

tated by manual contact of < shovel while the bit is rotating. Cleaning
7
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of the bit following an auger run requires only several seconds. The

Y

anger stem or "kelly bar'" on the auger, shown in Photo No. 18, was of

sufficient length for augering to a depth of approximately 21-ft below the

ground surface without the use of drill stem extensions., Photc No, 2]
:

shows a portion of a pile test site constructed at the Fairbanks Research
Area in which 93 test piles were ‘nstalled by this method,

6. Pile Backfill Methods,

Pile holes formed by steam thawing,

dry augering and water drilling methods were made 4 to 6 in, larger

Qi

in diameter thau the nominal pile diameter to provide an adequate an-

nular spacz between pile and wall of hole for placement and consolida-

TTRTRRT

o

tion of backfill material. The majority of test piles installed in pre-

formed holes at the Research Area were backfilied with silt-water

TR o e G

slurry. Clay-water slurry, dry sand, and water were alsc employed

2 as backfill materials, The pile backfill was performed as soon as pos-

sible following completion of a pile hole.

a., Slurry Mixing and Placement. Soil-water slurries

were mixed and placed by botk manual procedures and power equip-

ment. Whenever possible, the soil removed during drilling or auger-

ing of a pile hole was mixed with water and the resultant siurry used

: as pile backfill in the same hole, The coldest available water was
¥

TR

used for mixing with the soil o produce the coldest possible slurry

PERCE N

nlacement temperature.

A substantial numbex of piies were backfilled using man-

% ual procedures for mixing and placing the slurry., (See Photo No, 22).
*
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Slurry was mixed in a large mortar box by shovel and hoe and then
ar “dumped' into the annular space around the pile trom pails or from
a wheelbarrow. The slurry was rodded constantly during placement
to eliminate potential void spaces along the pile.

Pile backfill was also accomplished using conventional
concrete equipment for mixing and placement of soii-water slur-
ries. Phote No. 23 shows the slurry mixing equiptnent. The small
concrete mixer was mounted on a 6 by %5 truck to provide raixer
mobility. The mixing operation was performed adjacent to the pile
where the auger cuttings f~om the particular pile hole were shov-
eled directly into the mixer., Following mixing, the slurry was
""dumped" on the ground surface near the pile and then shoveled into
the pile hole. Each mixer batch of sinrry provided approximately
4-ft of pile hole backfill. The 4-ft lifta were consolidated by vi-
bration using a gasoline engine driven spud type, concrete vibrator,
(See Photo No. 24). Photo No. 25 is a close-up view of the 1-1/2-in,
vibrator spud,

b. Other Backfill. Other backfill materials used for

Research Area test piles consisted of dry sand and water, Phote

No. 26 shows dry sand backfill operations. The sand wae shoveled
into the hole in vertical lifts of 3 to 4-ft. Each lift was conaolida-
ted by vihrating with the concrete vibrator augmented by ''tapping’

of the pile with a sledge.




A few test piles were backfilled with water., The water
was poured into the annular space at a temperature of approximately
33°F. Water backfilied piles were provided with protection at the
ground surface to prevent entry of foreign material and to provide
shading to facilitate pile freezeback, (See Phuto No. 27).

7. Discussion of Methods.

a, Steam Thaw Methed. Steam thawed pile holes were

advanced in the irozen fine grained soils at the Fairbanks Perma-
frost Research Area without difficulty, It required 10 to 20 minutes
to advance a 3/4-in, diameter steam jet to approximatelya 20 ft
depth in frozen soil. With the steam jet in place, ar additional 3
hours of continuous steaming was required to thaw a hole approxi-
mately 12-11. in diameter. The water consumption at the boiler
during steam thaw operations averaged 60 gal per hour or 180 gal
per pile,

Steam thaw methods of pile installation are not gener-

ally recommended in regions where permafrost temperatures are

mdarginal, i. ., 28°F to 32°F. The steaming process introduces a
large quantity of direct heat and hot water into the soil with a pro-
nounced effect on the existing thermal regime and the resultant pile
stability of the pile, Observations of test piles installed in the sum-
mer by this method at the Fairbanks Permafrost Research Area
have indicated a very slow rate of natural pile freezeback and exces-

sive seasonal heave which may extend over several freezing seasons,

10




(LEE S 2k e

In Arctic regions where ambient temperatures and perma-
frost temperatures are much colder, the use of steam thaw procedures
for pile installations could possibly be accomplished without resultant
detrimental effects to the pile stability. In such regions, the pile
freezeback would be more rapid and positive.

b. Driving Method, The 8-in. cpen-end pipe piles were

easily driven into permafrost by means of conventional pile driving
equipment, The driving time per pile using a drop hammer ranged
from 20 mirnutcs for a 4 ft pile embedment in permafrost to 40 min-
utes for an 0-ft pile embedment. The height of drop of the 1350 Ib
hammer during driving ranged from 10 to 15-ft with an average of
about 13 ft. The blow count ranged from an average of 16 blows for
the 1st foot of permafrost penetration to an average of 27 blows for
the 8th foot of permafrost penetration,

Under the driving effort of the McKiernan-Terry, No.7,
pile hammer, the driving time per pile was about 5 minutes for a 8ft
pile penetration in permafrost and about 9 minutes for 16-ft, The blow
count per foot of pile penetration in permafrost averaged 65 blows per
ft from 0 to 4-ft penetration; 99 blows per ft from 5 to 8-{t penetra-~
tion and 110 blows per ft from 9 to 16-ft penetration,

The pile driving experience at the Regsearch Area demon-
strated that driving of steel pipe piles into permafrost is a practical

and economical method. Piles can be driven without undue disturbance

11




to the site, thereby preserving the existing thermal regime in the fro-
zen subsoil, It appears likely that steel pile sections other than pipe
could be driven with conventioral driving equipment without excessive
driving effort. A few extraction tests conducted on driven pipe piles
at the Research Area have indicated that full adfreeze bond between
driven pipe and frozen soil is developed shortly following the driving;
there is little or no increase in the adfreeze bond strength wita time,
This factor would permit immediate construction on driven piles
without any delay for pile freezeback which would be essential for piles
installed in pre-formed holes and backfilled with slurry,

There is li.tle factual data presently available regard-
ing adfreeze bond strength for driven piles as compared to identical
piles installed in pre-formed holes and frozen back in slurry. Ex-
traction tests conducted on pipe piles at the Research Area, under
short term loading procedures, showed an average adfreeze bond
strength of about 23 psi for 9 driven piles tested. 5Similar tests on
5 pipe piles installed in pre-formed holes and frozen back in slurry
showed an average adfre. e bond strength of about 27 psi, It is con-
ceivable that small irregularities existing on the surface of a metal
pile could cause similar irregularities in the frozen soil mass during
driving. With the pilie in its final position, the embedded surface area

weould not necessarily corform exactly to the shape of the soil fracture
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resulting from the driving. Minute voids could exist along the pile

g T which would have an appreciable effect on the adfreeze bond strength,
Such factors are essentially eliminated when a pile is placed in a
pre-formed hole and the annular space carefully backfilied with a
slurry. The load carrying capacity and behavior characteristics of

piles driven in permafrost regnizes further study,
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Further expsrimentation is also needed on the feasibility
of driving piles in the colder permafrost of the arctic and in sojl
types other than the prevalent silts at the Research Area.

c. Water Drilling Method. The use of a wash-cutting

'»; barrel adapted to a rotary driil for pile installation proved tc be
laborious and time cons®' ming. A full 8 hour working day was re-
quired for installing a single pile to a 16-ft permafrost embedment.
The boring process was slowed materially by the nacessity of adding
drill rod for advancing the hole. The removal of cuttings by washing
wzs also very slow., Congiderable time iz required for movement

and setup of the pumps and water system at each pile location., A

crardasaisre

large quantity of water was required in the operation for removal of
cuttings by washing. Such use of water may greatly disturb the
existing thermal regime and result in detrimental effects on the pile

stability. This method is nct adaptable to cold weather operation

due to potential freezing of the water circulation system. Use ofanti-
ireeze or other drilling fluids in lieu of water would introduce condi-

1 «> tions in the pile hole non-conducive to effective pile freezebuck,

13
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The efficiency of the water drilling method could possibly
be improved by providing openings at the tcp of the cutting barrel to
facilitate removal of the cuttings by washing, The cutting barrel ae
used had a closed steel top and it was necessary to wash the cuattings
beneath the cutting teeth to the outside of the barrel for removal,

d. Churn Drilling and Driving Method. Experience at the

Research Area has demonstrated that a churn driil or well driiling
machine is a practical means for instaliing small diameter pipe piles
to support small buildings and structures on permafrost, Photo No, .
28 shows a 20 by 60 ft metal utility building at the Research Area
which is suipported on 27 four inch diameter steel pipe piles. The
piles were installed to approximately a 16-ft depth in permafrost
using a No. 40 Cyclone churn drill, The weight of the churn drill
drive tools was approximately 625 1bs and the heighf of drop 24 to
30-in, in driving. Installation time per pile was approximately 2
hours, including drilling of a pilot hole and subsequent driving of
the pile. Other 4-in. pipe pile foundations have been installed at
the Research Area for supporting fuel storage tanks and other util-
ities,

The Cyclone churn drill is capable of driving 4-in. pipe
irom a 15 to 20-ft depth in permafrost without benefit of a pilot hole.
A pilot hole was used for the Utility Building pile installation‘s to pre-

vent undue damage to the pile tops. The weight of the drive tools may

be adjusted as desired by addition or removal of standard tool sections,

14
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from the ''string of tools." Churn drills of larger capacity chan the
No. 40 Cyclone Drill, should be aqually effective for driving pipe of
larger diameter than 4-in, Churn drilling of a pilot hole prior to
driving the pipe is not essential but will exy :dite the installation work,

e. Dry Augering Method. Dry augering of pile holes in

the frozen fine grained soils at the Fairbanks Permafrost Research
Area was accomplished quickly and efficiently, Approximately 20
minutes was required to auger .. pile hule 18-ft into permafrost.
Hole diameters ranged from 10 to 18 in. and the size of the hole ap-
peared to have little effect on the augering rate. Power auger opera-
tors have sfated that special auger bits with carbide cutters have
been highly successful for augering all types of permafrost soils,
This particular type of auger bit is now known as the '"Alaska Type
Bit, "

The dry augering method of pile installation is an ef-
ficient and economical method for installing large diameter piles
or large size structural shapes., This method has the distinct ad-
vantage of prowviding pile holes without the use of water, a highly de-
sirable characteristic in the preservation of the existing thermal
regime, Power augers are generally truck or tractor mounted
which provide desirable equipment mobility. The dry augering
method has been used effectively on large scale pile foundation

projects of the Corps of Engineers at remecte Alaska sites, At one

15
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particular project in Arctic Alaska, approximately 500 wood piles were
installed by the dry auger method to support a structure about 30 by 262
ft in plan. Pile holes 20-in, in diameter were augered to a 31 {t depth in
frozen silt and ic:. The permafrost temperature was in the range of 25°F
and the augering time was approximately 35 minutes per hoie.

The application of the dry augering method in regions where
permafrost temperatures are substantially colder than 25%F, such as the
Point Barrow vicinity, requires further experimentation.

f. Pile Backfill Methods, The backfill of piles installed in
pre-formed holes in permafrost is of paramount importance to the
stability of the pile and ultimate load bearing capacity, Backfill ma-
terial used for test pile instaliations at the Research Area has consisted
primarily of silt-water slurry. The mixing and placing of slurry by
manual procedures is time consuming and laborious and is not recom-
mended for installation of any sizeable number of piles, A conventional
concrete mixer mounted on a truck for mobility provides a highly ef-
ficient method for siurry mixing, On large scale pile installation
projects, the capacity of the mixer should be sufficient to provide
slurry backiill material for several piles in a single batch, Pile back-
£ill should be accomplished in vertical lifts of 3 to 4-ft with each lift
carefully consolidated by rodding or vibraticn to assure elimination of

void spaces along the piie, A small spud type concrete vibrator is an

16
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effective means of consolidating slurry during placement. Pile holes

should be formed large encugh to permit ready access of a vibrator heacd
in the annular space between the pile and wall of the hole.

All possible precautions should be taken:during pile backtill
procedures to protect the existing thermal regime in the subsoil and thus
facilitate the pile freezeback. Setiing of the pile and placement of back-
fill material should be accomplished as soon as practic:l after comple -
tion of the pile hole. Slurry backfill material should be mixed and
placed at the coldest possible temperature consistentent with thorough
mixing. Cuttings from augered holes can ke mixed with cold water to
produce cold temperature siurries. Ir mixing frozen auger cuttings
with water at approximately 33°F, it was found that an-excessive mixing
time was required to thaw the frozen chips and produce consisient slurry.
Subsequent tests showed that mixing of frozen cuttings with water at a
temperature of approximately 70°F produced a consistent slurry in
about 5 minutes of mixing time with a resultant slurry temperature of
approximately 32, 5°F. Test pilee installed in dry augered holes at the
Fairbanks Permafrost Research Area, which were backfilled with ma-
chine mixed slurry at a temperature of about 32, 5°F at placeraent, dem-
onstrated complete freezeback under natural conditions in a period of 5
to 7 days. It.is believed a frozen chip-slurry mixture would be more ef-
fective for freezeback providing the slurry would flow into the annular

space.

17
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More experimentation is needed in typ e+ of pile backfill ma-
terials and in methods of placement.

8. Conclusions. The tollowing conclusizns are based on experi-
ences with test piles at the Fairbanks Pern.sivost Research Area.

a, There is substantirl eviderice that the stability and load
bearing capacity of piles installed in permafrost are influenced by the
method of pile installation, Piles instailed in steam thawed holes, under
summer conditions have demonstratzr substantial heave extending over
several freezing seasons. Driven piles have indicated a smaller -adfreeze
bond strength than similar pilga installed in drilled or augered holes and
frozen back in soil-water slurrv,

b. Pile holes can be readily advanced in frozen fine grained
80ils using steam: thaw procadures, Steam thaw procedures are not
recommended in regions ©f marginal permafrost temperatures, i.e., 28°F
to 32°F, Under marginal permafrost conditions, pile freezeback in steam
thawed holeg is slow and pile heave excessive, Steam thaw pile installa-
tion may be accornpiished without detrimental effects in Arctic regions
where ambient temperatures and permafrost temperatures are much
colder and ths resultant pile freezeback more rapid and positive,

¢. Driving steel pipe piles in frozen fine grained soils with
marginal p~ rmafroct temperatures is feasible and practical with con-
vention.l nile driving equipment, Drop hammer and power hammer type

of driviug methods are equally effective and result in minimum disturbance

18
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to the existing thermal regime,” More experi#nenta.tion is required to
establish the feasibility of driving other steel shapes and driving of
piles in colder permafrost and other soil types,

d. The water drilling method of pile installation utilizing
a special cutting barrel adapted to a rotary drill is not an efficient
method for installing piles in permafrost, A large quantity of drill-
ing water is required which is undesirable in preserving the thermal
regime, especially in regions of marginal permafrost temperatures,
Movement and setup of pumps and allied drilling equipment is time con-
suming. The method is not adaptable to cold weather operations due to
potential freezing of the water circulating system. Efficiency of the
method could poesible be improved with further experimentation in the
design of cutiing barrels‘.

e. A common well drilling machine or churn drill is an

effective meanr for driving small diameter pipe piles in frozen silt

" soils, The installation work is greatly facilitated by driving the pipe

through a pilot hole predirilled with the same machine. The churn
drill method provides an economical means for cunstructing pile founda-
tions for supporting small buildings and structures,

f. The dry auger method 1s an efficient and economical
means for installing large diametexr piles in large scale orerations.
This method has the dictinct advantage of providing pile holes without

the use of water., With reasonable backfill precautions, foundation

19
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piles can be installed by the dry auger method without undue disturbance
to the existing thermal regime. This method has been employed success-
fully on large scale Corps of Engineesrs construction at ramote Alaska
sites,

g. Proper pile backfill procedures are of utmost importance
to th: resultant stability of the pile and load bearing capacity, Soil-water
slurries can be mixed and placed effectively using conventional concrete
equipment and procedures, RBaclkfill materials should be thoroughly rodded
and/or vibrated during placement to eliminate void spaces along the pile.
Rate of pile freezeback is dependent on several factors including tem-
perature of the pile, placement temperature of the backfill material, and
temperature of tne existing permafrost.

Studies of foundation piles in permafrost are continuing at

the Fairbanks Permafrost Research Area,

20
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